Summary. Cytotoxic and haemagglutinating properties were determined in 1 14 Aeromonas strains isolated from various sites in slaughtered lambs and from processed lamb meat. Cytotoxic activity on Vero cells was observed in 48 (42 YO) of the strains. It was more common in A . sobria and A . hydrophila isolates than with A . caviae isolates. Haemagglutination (HA) activity was found frequently in motile aeromonads irrespective of species; it was present in 50 YO of A . sobria strains, 51 YO of A. hydrophila strains and 48 YO of A. caviae strains. HA was inhibited by fucose, galactose and mannose at low concentration and, in most cases, two or three of these sugars were inhibitory. A significant association was found between certain HA-inhibition patterns and the production of cytotoxin by Aeromonas spp.
Introduction
The genus Aeromonas comprises a group of organisms widely distributed in the environment and associated with diseases in animals and man. The non-motile species are normally found in surface waters and in aquatic sediments when certain diseases of fish are prevalent. Motile aeromonads, on the other hand, have been reported to cause various infections in man, being most commonly implicated in diarrhoea, wound infections and septicaemia.
Unlike most other gram-negative organisms, Aeromonas spp. produce a wide range of extracellular toxins and enzymes. The multiplicity of extracellular products of motile Aeromonas spp. has led to difficulty in characterising these factors and to disagreement about their properties, as well as about their direct involvement in the enteropathogenicity of Aeromonas spp. This has resulted in a great deal of controversy and confusion. However, such extracellular biologically active factors as enterotoxins, cytotoxins, haemolysins and proteases have been reported to be produced by motile aeromonads and have been studied in relation to their Relatively little is known about the relationship between enterotoxin, haemolysin and cytotoxin produced by Aeromonas isolates. However, several reports2, suggest a parallel activity of these three factors in Aeromonas spp.
Cytotoxins generally give rise to cell damage or death and may produce dysentery-like illness. Gracey et aL7 reported that 20 Yo of gastrointestinal infections due to Aeromonas spp. are of the dysenteric type. Furthermore, it has been reported repeatedly that the majority of clinical isolates of Aeromonas spp. produce c y t o t~x i n s .~~ Motile Aeromonas spp. have other properties that have been reported to be associated with virulence, such as adherence and invasiveness. The attachment of enteric pathogens to the intestinal mucosa is an essential step in the pathogenesis of gastrointestinal infections. It has been documented that adhesins are important factors for Escherichia colil' and strains of enterotoxigenic E. coli lacking these factors do not cause diarrhoea in animalsll' l 2 or when fed to human v01unteers.l~ Carrello et all4 studied the ability of Aeromonas spp. to adhere to HEp-2 cells. An association between diarrhoea and a high level of adhesion was observed in the majority of the faecal isolates and in none of the environmental isolates. The HA assay is the commonly used procedure to determine the ability of micro-organisms to adhere to eukaryotic cells. In this assay, erythrocytes from different animal species may be used. Further information on the nature and specificity of the receptors on the eukaryotic cell surface can be obtained by testing various sugars for their ability to inhibit the HA. It has been reported that enterotoxigenic diarrhoeal isolates of A . hydrophila showed HA activity, but no such activity was observed with non-toxigenic strains of A . caviae commonly isolated from nondiarrhoea1 infections or the en~ir0nment.l~
The aim of this study was to determine the presence of cytotoxic and HA activities in Aeromonas spp. isolated from various sites in slaughtered lambs and from processed lamb meat.
Materials and methods

Bacterial strains
A total of 114 Aeromonas strains was included in this study. These were isolated from various sites in 
Preparation of cell-free supernates
Several colonies from each blood agar plate were inoculated into 5 ml of Tryptone Soy Broth (Oxoid) supplemented with Yeast Extract (Oxoid) 0-6 YO w/v in 25-ml Erlenmeyer flasks. These were incubated for 24 h at 37°C with agitation at 300rpm in an environmental incubator shaker (New Brunswick Scientific, Edison, NJ, USA). Cell-free preparations were made by centrifuging the cultures at 10000 g for 30 min at 4"C, followed by filtration of the supernate through a membrane filter (pore size 0.45 pm, Minisart NML, Sartorius). Cell-free supernates were stored at -20°C and tested for cytotoxic activity within 6 weeks.Ig
Cytotoxin assay
Cytotoxic activity was detected in Vero cells by the method of Sack and Sack.20 Medium 199 was obtained from Grand Island Biological Co. (Gibco), while all other tissue culture media and sera were obtained from the Commonwealth Serum Laboratories (CSL), Melbourne, Australia. Vero cells were maintained in M 199 supplemented with fetal calf serum 2 YO v/v. The tissue culture was subcultured into 60-mm petri dishes and was available for assay when a monolayer was formed, usually within 48 h; 400 pl of each cell-free supernate was added to a tissue culture growing in a 60-mm petri dish with 3.6 ml of medium. All incubations were in a humidified incubator in air with CO, 5 % at 37°C. The cells were observed after different periods of incubation with a phase-contrast inverted microscope for the presence of disruptive changes and detachment of cells. Cell-free supernates from known positive and negative strains were included as controls.
H A and HA-inhibition (HAI) assays
These were done by the method of Atkinson 
Results
The results of tests for the cytotoxic and HA properties of Aerornonas strains are shown in The sources of the Aeromonas strains examined and the number of cytotoxin-producing strains are shown in table 11. The majority of Aeromonas strains obtained from kidney and liver samples produced cytotoxin. Of the 15 kidney strains, 14 (93 YO) produced cytotoxin. Similarly, of the 15 liver strains, 12 (80%) produced cytotoxin. However, strains isolated from minced meat samples generally failed to produce cytotoxin. Only two (10 YO) of the 20 strains tested were able to produce this factor. There was no significant correlation between cytotoxic activity and source of the isolates in lamb cuts samples, carcass swabs and lamb faeces.
Cytotoxic activity was noted in 22 %, 37 YO and 36 YO of Aeromonas isolates from these samples, respectively.
Screening of the 114 strains of different Aeromonas spp. showed that HA is a common property of these micro-organisms ( that were HA-positive, 2 + activity was recorded in 82% and 76% of the strains of these species, respectively. Only 52 YO of the HA-positive A. hydrophila strains produced 2 + HA with human erythrocytes.
When Aeromonas strains were grouped in relation to the effect of fucose, galactose and mannose on HA (table 111), the commonest grouping among the strains (33 of 56) was demonstrated when the HA activity was inhibited by the three sugars (F + G + M +). It was less common for only one of the three sugars tested to inhibit HA (8 of 56), and in other cases (15 of 56) HA was inhibited by two sugars.
The relationship between cytotoxin production and certain HA1 patterns is also shown in table 111. All the strains in groups F -G -M + and F -G + M + produced cytotoxic effects on Vero cells. However, no significant correlation was observed with the other HA1 patterns.
Discussion
In this study, production of cytotoxin was found frequently among Aeromonas strains isolated from different lamb samples. A similar finding was obtained by other investigators who examined aeromonad food isolates for various virulence-associated factors, particularly cytotoxin and h a e m o l y~i n .~~-~' However, the prevalence of virulent strains varied from one study to another, and depended upon the type of test employed and the number and species of Aeromonas isolates tested. In this study, cytotoxic activity was observed in 63% of A . hydrophila strains from different lamb samples whereas Callister and Agger, 23 Okrend et ~1 .~~ and Palumbo et ~1 .~' reported cytotoxic activity in 100, 92-8 and 98% of their A . hydrophila isolates from vegetables, raw meat and poultry and retail fresh foods of animal origin, respectively. In contrast, Fricker and Tompsett26 reported a lower prevalence (45 YO) of cytotoxic A . hydrophila strains isolated from various foods.
Many authors have noted the production of exotoxins (enterotoxin, haemolysin and cytotoxin) by Aeromonas spp. However, the tendency for this to be confined to A . hydrophila and A. sobria has been observed previo~sly. ~. 1 9 3 26, 28-30 This was also confirmed in the present study where the majority of A . hydrophila and A. sobria strains but only a few strains of A . caviae were able to produce cytotoxin. These findings support previous observations that Aeromonas gastroenteritis is a spectrum of species-related diseases, being associated mostly with A. hydrophila and A. sobria. In addition, this study has also shown that A . sobria is more likely than the other two Aeromonas spp. to be virulent. This conclusion is supported by the following results: (a) the prevalence of strains that were able to produce cytotoxin was higher in this species than in the other two species, and (b) the incidence of strains that produced early cytotoxic effects in Vero cells was highest in the A . sobria group. A similar conclusion had been reached by other investigators28*31,32 but the criteria used for evaluation of virulence were different from those used in the present study.
Relatively little is known about the correlation between exotoxin production and the type of sample in Aeromonas strains of food origin. The only related study was that of Fricker and Tompsett26 who examined various foods, including poultry, pork, beef, offal, fish, cooked meats and prepared salads. They found no significant correlation between the type of food yielding the strains and the ability of the strains to produce cytotoxin. However, in the present study, a high incidence of cytotoxin-positive strains was detected among the group of strains isolated from kidney and liver samples.
In common with other o b s e r~a t i o n s~~~
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the results of this study demonstrate that the ability to agglutinate human erythrocytes is not an uncommon property among motile aeromonads, as c. 50 YO of the Aeromonas strains had this ability. The results also showed a lack of correlation between HA ability and certain Aeromonas spp. and this supports the conclusion of Singh and S a n~a l .~~ The haemagglutinins, however, can be inhibited by sugars in low concentrations. The patterns of HA and HA1 reflect important colonisation factors of E. ~o l i~~ but their relation to virulence in Aerornonas strains is not fully defined.
Data from this work suggest that HA1 patterns cannot be interpreted in relation to the effects of a single sugar, and such a phenomenon has also been observed by Burke et al." Accordingly, this study describes the HA1 patterns in relation to the effects of three sugars (fucose, galactose and mannose) and the possible association of certain inhibition patterns with cytotoxin production among Aeromonas strains. Results show a strong association (100 YO) between cytotoxin production by Aeromonas strains and HA1 in groups F -G -M + and F -G + M + . Burke et al. 15 reported that 75% of Aeromonas strains in these groups were enterotoxigenic, whereas Singh and S a n~a l~~ found that most of their strains in group F -G + M + were non-toxigenic. In the present study, only 39 YO of Aeromonas strains in group F + G + M + were cytotoxin producers. In contrast, Burke et al., 15 as well as Singh and S a n~a l ,~~ reported a higher degree of association between enterotoxin production by Aeromonas strains and inhibition of HA in the same group (F + G + M +). The interpretation of other inhibition patterns is not conclusive. Because of the limited numbers of Aeromonas strains in each group with a particular HA1 pattern as demonstrated in this study, further data are still required to confirm the usefulness of these tests in the definition of virulent Aeromonas strains.
Cytotoxic and HA activities, as detected in Aeromonas strains, have been implicated in bacterial pathogenicity. The presence of significant levels of Aeromonas strains with these activities in samples from retail lamb meat and offal and on lamb carcasses indicates that food of animal origin may play a significant role in the epidemiology of Aeromonasassociated gastroenteritis.
